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(54) Ink Jet head for high speed printing and method for it*s fabrication

(57) The invention provides an ink jet head which
exhibits a good response characteristic through heating

and fast cooling enough to implement high-speed print-

ing. A nozzle plate (10) having a nozzle orifice (1 1). and
a substrate (7) constitute part of a peripheral wall of an
Ink chamber (31). A pressure generating member (20) is

provided in the ink chamber (31). The pressure generat-

ing member (20) has a buckling member (1), a heater

layer (3), and adiaphragm (5). The bucWing member (1)

Is formed into a generally plate shape and its peripheral

portion Is attached to the substrate (7). The bucWing
member (1) can be switched between a ho-displacement

state in which it undergoes substantially no thermal

stress, and a buckled state in which It Is tiiermally

expanded and bucWed. The heater layer (3) is provided

along a surface of the buckling member (1) on the sub-

strate (7) sida The diaphragm (5) is composed of a gen-
erally plate-shaped flexible material and provided along
a surface of the buckling member (1) on the nozzle plate

(1 0) side in such a state that at least its peripheral portion

(5c) Is attached to a peripheral portion (Ic) of tiie buck-
ling member (1).
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an ink jet head that

performs recording by jetting and flying ink liquid. The
present invention also relates to a nriethod for fabricating

the Inkjet head.

2. Description of the Prior Art

There have been commercially available ink jet

heads based on various droplet discharge principles. In

one type of ink jet head, for example, Ink Is discharged

through a nozzle hole of an Ink chamber by mechanical

deformation of a piezoelectric device (piezoelectric

device system). In another type, ink is boiled by heating

with a header so that bubbles are generated, and the ink

^
Is discharged through a nozzle by pressure changesdue
to the bubble generation (buli^Ie jet system).

Under such circumstances, there has recently been
proposed an ink jet head 510 using a pressure generat*

ing member 501 that will generate heat and deform by
electrical energization, as shown In Rg. 32 (Japanese
Patent Publication No. HEI 2-30543). In this Inkjet head
51 0. a pair of electrodes 513b, 51 3b are provided at both

ends ofa nozzle plate 51 1 having a nozzl e opening 51 1 a,

with insulating films 513a, 513a interposed between the

electrodes and the nozzle piate. Also, the plate-shaped

pressure generating member 501 is stretched between
these electrodes 513b. 513b so as to connect them with

each other, and a cover member 515 Is provided so as
to accommodate these components therein. In opera-

tion, ink 80 is fed from a preliminary Ink chamber 532 so
that a dearance 530 between the nozzle plate 51 1 and
the pressure generating member 501 as well as a rear

side 531 of the pressure generating member 501 are

filled with the ink 80. Then, during a heating period, the
' pressure generating member 501 is energized through

the electrodes 513b, 51 3b to generate heat. Through this

heat generation, the pressure generating member 501
undergoes a thermal stress due to its thermal expansion

coefficient so that its center portion Is displaced in a
direction perpendicular to the piate plana As a result,

the pressure generating member 501 causes a pressure

to be generated In the ink chamber, whereby the ink 80
is discharged in the form of particles through the nozzle

opening 511a. When a cooling period is entered after

completion of the heating period, the energization is

stopped and the pressure generating member 501 Is

cooled to restore to the original configuration (position).

By such heating period and cooling period being

repeated, the displacement and restoration of the pres-

sure generating member 501 are repeated.

However, the aforementioned Inkjet head 510 has
been given almost no technical Idea with respect to heat

radiation of the pressure generating member 501, such

that particularly on the preliminary ink chamber 532 side

of the pressure generating member 501, the ink 80 of

relatively low thermal conductivity is present alona This

accounts for a low cooling rate of tiie pressure generating

5 member 501 in operation, so tiiat the response charac-

teristic istoo poor to attain high speed printing, as a prob-

lem. Also, the nozzle plate side clearance 530 and the

rear side space 531 of the pressure generating mennber
501 are communicating directiy with each other. There-

10 fore, tiie ink present in the clearance 530 between tiie

nozzle plate 511 and tiie pressure generating member
501 tends to go around to the rear side space 531 of tiie

pressure generating member when it undergoes a pres-

sure on the nozzle piate 51 1 side by tiie pressure gen-

ts erating member 501 in operation. This leads to another

problem tiiat the discharge force and discharge veloc'rty

of Ink are low.

SUiVIIVIARY OF THE INVENTION
20

An object of the present Invention is therefore to pro-

vide an Inkjet head having a good response character-

istic through heating and fast cooling so that it can
perform high speed printing. Anotiier object of tiie

25 present invention is to provide an Inkjet head which can
prevent ink present in clearance between a nozzle plate

and a pressure generating member from going around
to a rear skie of the pressure generating member,
whereby the discharge force and discharge velocity of

30 ink can be increased. Yet anotiier object of the present

invention is to provide an ink jet head which is small in

size and long in life. A further object of tfie present inven-

tion Is to provide a metiiod for fabricating the aforemen-

tioned ink jet heads into small size and with simplicity.

35 In order to achieve the aforementioned object, there

is provided an ink jet head which comprises: an ink

chamber including as part of its peripheral wall a nozzle

plate having a nozzle opening, and a substrate opposed
to the nozzle plate; and a pressure generating member

40 provided in the ink chamber and opposed to the nozzle

plate, wherein the pressure generating member is

deformed to generate a pressure within the ink chamber,
so that ink liquid in the ink chamber is discharged out of

tiie ink chamber through the nozzle opening, the pres-

45 sure generating member comprising: a buckling member
which is fbnued into a generally plate shape, where por-

tions forming both ends In at least one direction out of a
peripheral portion of the buckling member are attached

to the substrate, and which bucWing member is switch-

50 able between a no-displacement state in which the buck-
ling member undergoes substantially no thermal stress,

and a buckling state In which tiie buckling member is

buckled through thermal expansion; and a heater layer

which is provided along one surface of the buckling mem-
55 ber and which generates heat through electrical ener-

gization.

The ink jet head witii the above arrangement is

driven in the following fashion. That is, the ink chamber
is previously filled with ink for an operation. During a

2
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heating perlcxi, the heater layer is electrically energized

to generate heat The bucWing member, receiving this

heat from the heater layer, turns from a no-dlsplacement

state into a buckled state due to thermal expansion. As
a result, the pressure generating member Including the 5
buckling member and the heater layer is deformed as a
whole sothat a pressure is generated In the inkchannber.

This pressure causes the ink liquid within the ink cham-
ber to be discharged out of the chamberthrough the noz-

zle opening of the nozzle plate. Upon the entrance into

a cooling period, the heater layer is stopped from being

energized. Then, the buckling member Is cooled so as
to be restored to the original no-displacement state

together with the heater layer. As a result, the pressure

generating member as a whole is restored to the original

position. Such heating period and cooling period are

repeated, whereby the pressure generating member Is

repeatedly deformed and restored.

In this ink jet head, the substrate is present on a side

of the pressure generating member opposite to the side

on which the nozzle plate is provided (hereinafter,

relented to as "rear skie"). As the material of this sub-

strate, actually, one having a thermal conductivity larger

than that of Ink by one order or more may be readily

selected. In such a selection, after a heating period and
upon the entrance Into a cooling period, heat of the pres-

sure generating member, especially of the bucWing
member and the heater layer, is discharged out of the

ink chamber rapidly through the substrate. Accordingly,

the cooling rate of the pressure generating member
becomes a high rate. As a result of this, a good response

characteristic is obtained so that high-speed printing

becomes possible. Also, since the bucWing member and
the heater layer, which constitute the pressure generat-

ing member, are provided by independent layers, the

heater layer may be shaped Into a narrow pattern irre-

spectively of the shape of the buckling member. Such an
arrangement saves the amount of current for energiza-

tion involved in obtaining a required amount of heat so
that the power consumption is reduced.

Also, there is provided an Inkjet head which com-
prises: an ink chamber including a as part of its periph-

eral wall a nozzle plate having a nozzie opening, and a
substrate opposed to the nozzle plate; and a pressure
generating member provided in the ink chamber and
opposed to the nozzle plate, wherein the pressure gen-
erating member is deformed to generate a pressure
within the inkchamber, so that ink liquid in the Inkcham-
ber is discharged out of the inkchamber through the noz-
zle opening, the pressure generating member
comprising: a buckling member which is formed into a
generally plate shape, where portions forming both ends
in at least one direction out of a peripheral portion of the

buckling member are attached to the substrate, and
which buckling member is switchable between a no-dis-

placement state in which the buckling member under-

goes substantially no thermal stress, and a buckling

state in which the buckling member is bucWed through
thermal expansion; and a diaphragm which is composed

of a generally plate-shaped flexible material, and which
is provided along one surface of the buckling member on
the nozzle plate side out of both surfaces of the bucWing
member in such a state that a peripheral portion of the

diaphragm is attached to the peripheral portion of the

buckling member.

The ink jet head with the above arrangement is

driven in tiie following fashion. That is, the ink chamber
is previously filled with inK for an operation. During a
heating period, the buckling member is electrically ener-

gized to generate heat. The bucking member, by this

heat generation, turns from a no-displacement state into

a buckled state due to thermal expansion. The dia-

phragm provided along a surface oftine bucWing member
on the nozzle plate side (hereinafter, referred to as 'front

surfeceO is conposed of a flexible material, and there-

fore will be flexed and deformed In response to a press-

ing force due to deformation of the buckling member.
That is, the pressure generating member including the

bucWing member and the diaphragm is deformed as a
whole so that a pressure is generated in tiie inkchamber.
This pressure causes the ink liquid within the ink cham-
ber to be discharged out of the chamber tinrough the noz-
zle opening of the nozzle plate. Upon the entrance into

a cooling period, the heater layer is stopped from being
energized. Then, tiie bucWing member is cooled so as
to be restored to the original no-dtsplacement state. The
diaphragm, now free from the pressing force from the
bucWing member, is restored to the original state by Its

own restoring force. That is, the pressure generating

member as a whole is restored to the original position.

Such heating period and cooling period are repeated,

whereby tiie pressure generating member is repeatedly

displaced and restored.

In this Ink jet head, the substrate is present on the
rear side of tiie pressure generating member. As the
material of tiiis substrate, actually, one having a thermal
conductivity larger than that of ink by one order or more
maybe readily selected. In such a selection, after a heat-

ing period and upon the entrance into a cooling period,

heat of the pressure generating member, especially of

the bucWing member, is discharged out of the ink cham-
ber rapidly through the substrate. Accordingly the cool-

ing rate of the pressure generating member becomes a
high rate. As a result of this, a good response character-

istic Is obtained so that high-speed printing becomes
possfola Also, thanks to the diaphragm, the Ink present
in a clearance between the nozzle plate and the pressure
generating member (diaphragm) can be prevented from
going around to the rear side of the pressure generating

member (diaphragm) during an operation. As a result,

the discharge force and discharge rate of ink become
large. Further, since the bucWing member and tiie dia-

phragm, which consti'tutethe pressure generating mem-
ber, are provided separately, tiie bucWing member may
be shaped in-espectively of tiie shape of the diaphragm.
For example, it becomes possible to form slits in the

bucWing member. Such an arrangement allows the buck-
ling memberto be rapidly cooled by circulating the refrig-
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erant such as ink through the buckling member on the

rear side of the diaphragm, as described later. As a
result, an even better response characteristic can be
obtained so that high-speed printing becomes possible.

In one embodiment of the present invention, there 5

is provided the pressure generating member further

comprises: a diaphragm which is composed of a gener-

ally plate-shaped flexible material, and which is provided

along one surface of the buckling member on the nozzle

plate side out of both surfaces of the buckling member io

in such a state that a peripheral portion of the diaphragm
is attached to the peripheral portion of the buckling mem-
ben

The ink jet head with the above arrangement is

driven in the following fashion. That Is, the Ink chamber is

is previously filled with ink for an operation. During a
heating period, the heater layer is electrically energized

to generate heat. The buckling member, receiving this

heat from the heater layer, turns from a no-displacement

state into a buckled state due to thermal expansion. As 20

a result, the pressure generating member including the
buckling member, the heater layer, and the diaphragm is

defDrmed as a whole so that a pressure is generated in

the ink chamber. This pressure causes the ink liquid

within the inkchamber to be discharged out of the cham- 25

ber through the nozzle opening of the nozzle plate. Upon
the entrance into a cooling period, the heater layer is

stopped from being energized. Then, the buckling mem-
ber is cooled so as to be restored to the original no-dis-

placement state together with the heater layer. The 30

diaphragm, now free from the pressing force from the

buckling member, is restored to the original state by its

own restoring force. As a result, the pressure generating

member as a whole is restored to the original position.

Such heating period and cooling period are repeated, 3S

whereby the pressure generating member is repeatedly

displaced and restored.

In this ink jet head, ti-ie substrate is present on the
rear side of the pressure generating member. As the

material of this substrate, actually, one having a thermal 40

conductivity larger than that of Ink by one order or more
may be readily selected. In such a selection, after a heat-

ing period and upon the entrance into a cooling period,

heat of the pressure generating member, especially of .

the bucWing member and the heater layer, Is discharged 45

out of the ink chamber rapidly through the substrate.

Accordingly, the cooling rate of the.pressure generating

member becomes a high rate. As a result of this, a good
response characteristic is obtained so tiiat high-speed
printing becomes possible. It is noted that the case is so

unchanged even if an ink layer Is present more or less

between the substrate and the pressure generating

member. Also, since the buckling membrer and the heater

layer, which constitute the pressure generating member,
are provided by independent layers, the healer layer may ss

be shaped into a narrow pattern irrespectively of the

shape of the buckling member. Such an arrangement
saves the amount of current for energization involved In

obtaining a required amount of heat so that the power

consumption is reduced. Further, thanks to the dia-

phragm, the Ink present in a clearance between the noz-

zle plate and the pressure generating member
(diaphragm) can be prevented from going around to tiie

rear side of tiie pressure generating member (dia-

phragm) during an operation. As a result, the discharge

force and discharge rate of ink become large so that

practical operating characteristics can be obtained. Fur-

tiier. since tiie buckling member and tiie diaphragm,

which constitute the pressure generating member, are

provided separately, the buckling member may be
shaped in'espectively of the shape of the diaphragm. For

example. It becomes possible to form slits in tiie buckling

member. Such an arrangement allows the buckling

member and the heater layer to be rapidly cooled by cir-

culating tiie refrigerant such as ink through tiie buckling

member on tiie rear side of the diaphragm, as described
later. As a result, an even better response characteristic

can be obtained so that high-speed printing becomes
possible.

In the ink jet head of one embodiment, the heater

layer Is provided along one surface of tiie buckling mem-
ber on the substrate side (hereinafter, referred to as "rear

surface") out of both surfaces of the bucWing member. In

tiiis case, after a heating period and upon the entrance
into a cooling period, the heater layer that has been
heated to a high temperature particulariy out of the pres-

sure generating member is rapidly cooled through the

substrate. Accordingly, tiie cooling rate of the pressure

generating member becomes a high rate. As a result, an
even better response characteristic can be obtained so
that high-speed printing becomes possible.

In the Inkjet head of one embodiment, the pressure

generating member has a first insulating layer provided
between the substrate and tiie heater layer. Such an
arrangement allows the substrate and tiie heater layer

to be successfully insulated from each otiier so that tiie

current flowing through the heater layer will never leak to
tiie subsfrate. As a result, the amount of cun'ent required

to obtain tiie necessary heat generation can be saved
so that the power consumption can be reduced.

In the Inkjet head of one embodiment, the pressure

generating member has a second insulating layer pro-

vided between the buckling member and the heater

layer. Such an arrangement allows tiie buckling member
and the heater layer to be successfully insulated from
each otherso that tiie current flowing through tiie heater

layer will never leak to the bucWing member. As a result,

the amount of current required to obtain the necessary
heat generation can be saved so that the power con-
sumption can be reduced.

In the InkJet head of one embodiment, since the dia-

phragm Is formed Into a generally disc shape, the volu-

metric variation oftheinkchamber (a clearance between
tiie nozzle plate and the pressure generating member)
becomes large for a small surface area ofthe diaphragm.
This is because the portion that is displaced by being

pushed by the buckling member is limited to a circular

area about the portion with which the buckling member

4
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is in contact, however the surface area of the diaphragm

is wide. For example, when the diaphragm is formed into

a rectangular plate shape, the portions in proximity to the

rectangular comers will never displace and therefore will

not corrtribute to the volumetric variation of the inkcham-
ber. In contrast to this, when the diaphragm is formed
into a generally disc shape, the entire surface of the dia-

phragm contributes to the volumetric variation of the ink

chamber. Accordingly, as described above, the volumet-

ric variation of the ink chamber becomes large for the

small surface area of the diaphragm. Ae a result of this,

the discharge force and discharge rate become large for

the small surface area of the diaphragm. Conversely,

when the discharge force of ink is larger than necessary,

the ink jet head may be miniaturized by redudng the

diameter of the diaphragm.

In the Inkjet head of one embodiment, at least part

ofthedlaphragm otherthan the peripheral portion is cou-

pled to the buckling member. With such an arrangement,

when the buckling member is going to restore to the orig-

inal position aftera heating period and upon the entrance

Into a cooling period, the diaphragm undergoes a tensile

force from the buckling member in addition to its own
restoring force. As a result of this, the diaphragm restores

to the original position faster. Accordingly, the response
characteristic of the pressure generating member is

improved so that high-speed printing is enabled.

In the ink Jet head of one embodiment, the center

portion of the diaphragm is coupled to the center portion

of the buckling member. With such an arrangement, a
portion (center portion) that has been displaced to the

most extentout of the diaphragm during a heating period

is pulled bya portion (center portion) that restores fastest

out ofthe buckling member upon the entrance into a cool-

ing period. As a result, the diaphragm restores to the

original position even faster. Accordingly, the response
characteristic of the pressure generating member is

improved so that high-speed printing is enabled.

In the Inkjet head of one embodiment, a clearance

Is provkied between an intermediate portion between the
peripheral portion and the center portion coupled to the
buckling member out of the diaphragm, and the tHjcWIng

member. Therefore, it becomes possible to rapidly cool

the bucWing member by circulating the refrigerant such
as inkthrough the clearance between the diaphragm and
the buckling member, on the rear side of the diaphragm.
As a result, an even better response characteristic Is

obtained so that high-speed printing is enabled.

In the ink jet head of one embodiment, a clearance
is provided between a portion of the buckling member
inner than its peripheral portion out of the pressure gen-
erating member, and the substrate. Therefore, It

becomes possible to rapidly cool the buckling member
and the heater layer by circulating the refrigerant such
as Inkthrough the clearance between the buckling mem-
ber and the substrate, on the rear side of the diaphragm.
As a result, an even better response characteristic is

obtained so that high-speed printing is enabled.

In ^e Inkjet head of one embodiment, the distance

between the sut>strate and the aforementioned portion

of the pressure generating member is set to within a
range of 0.05 ]im to 2.0 )im. Such an arrangement allows

5 the clearance between the substrate and the pressure
generating member to be easily formed, and also allows

tiie response characteristic of the pressure generating

member to be maintained good. That is, if the distance

of the clearance is 0.05 \uh or more, the clearance can
10 be fonned by stacking the material of a sacrifice layer (a

layer for processing) and that of the pressure generating

member on the substrate one by one, and by removing
the sacrifice layer with an etchant In contrast to this, if

the distance of the clearance is less than 0.05 pin, then

IS it is difficult to penetrate the etchant through the clear-

ance and therefore difficult to form the clearance. Fur-

ther, ifthe interval ofthe clearance Is 2.0 p.m of less, heat
of the pressure generating member, especially of the

buckling member and the heater layer, can be dis-

20 charged rapidly out of the ink chamber through the sub-
strate during a cooling period. Accordingly, the response
characteristic of the pressure generating member can be
maintained good. In contrast, if the distance of the clear-

ance exceeds 2.0 jim, then the heat radiation passing

25 through the substrate becomes a small one, so that the

response characteristic ofthe pressure generating mem-
ber deteriorates noticeably.

In the Inkjet head of one embodiment, a slit is pro-

vided at a portion of the pressure generating member
30 inner than the peripheral portion of the bucWing member,

so as to be bored through from the surface opposite to

the substrate to the diaphragm side surface of the buck-
ling member. Therefore, the buckling member can be
rapidly cooled by drculating the refrigerant such as ink

through the slit on the rear side of the diaphragm. In par-

ticular, when clearances are provided between the dia-

phragm and the buckling member and between the

substrate and the pressure generating member, these
clearances communicate with each other through the slit

80 that the cooling effect is enhanced. As a result, the
response characteristic Is further improved so that high-

speed printing is enabled.

In the ink jet head of one embodiment, a plurality of

slits as described above are provided, and it is arranged
that a strip-shaped portion of the buckling member sand-
wiched by the slits will be budded, in this arrangement,
for example, by attaching the entire peripheral portion of

the bucWing member to the substrate, thermal stress of

the buckling portion due to repeated heating and cooling

can be received by the entire peripheral portion. That is,

the thermal stress of the strip-shaped portion sand-
wiched by the slits is generated outward one way in a
direction in which the strip-shaped portion extends. This

unidirectional outward force is applied to particular por-

tions ofthe peripheral portion, but is received also by por-
tions adjacent to the particular portions out of the

peripheral portion. Accordingly, the thermal stress of the

buckling portion is not applied only to particular portions,

but relaxed and received by th entire peripheral portion.

40

45
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As a result, the place where the substrate and the buck-
ling member are fitted to each other becomes less sub-
ject to damage, so that the Inkjet head is prolonged in

its service IHe.

In the InkJet head of one embodiment, the substrate

is provided with a refrigerant drcufation hole which is

bored through the substrate and which confronts a por-

tion of the pressure generating member Inner than the
peripheral portion of the buckling member. Such an
arrangement allows the refrigerant such as ink to be fed

from one side of the substrate opposite to the side on
which the pressure generating member Is provided

(hereinafter, refen-ed to as "rear side") to the other side
of the substrate on which the pressure generating mem-
ber is provided (hereinafter, refen^ed to as ""front side"),

through tiie refrigerant drculation hole. The fed refriger-

ant circufatesbetween the frontand rear sides ofthe sub-
strate as the pressure generating member is displaced

and restored by heating and cooling. Accordingly, it

becomes possible to rapidly cool tiie pressure generat-

ing member. This fact is particularly significant when the
ink is prevented from going around to the rear side of the
diaphragm by the diaphragm being provided. Also, when
a clearance is provided between the diaphragm and the
buckling member or between the substrate and the pres-

sure generating member, or when slits bored through
from tiie surface opposite to tiie substrate to the dia-

phragm-side surface of the buckling mender are pro-

vided at portions of tiie pressure generating member
inner than the peripheral portion of the buckling member,
the refrigerant circulates through the clearances or slits

so that tiie cooling effect can be enhanced. As a result,

an even better response characteristic is obtained so tiiat

high-speed printing is enabled.

In tiie inkjet head ofone embodiment, tiie refrigerant

circulation hole is so an^nged that its size gradually

decreases from tiie rear side toward the front side of the
substrate. With such an arrangement, the opposing area
between the pressure generating member and tiie sub-
strate surface is less reduced as compared to when the
refrigerant circulation hole is not provided. Accordingly,

after a heating period and upon the entrance into a cool-

ing period, heat of the pressure generating member,
especially heat of the buckling member, is discharged
rapidly out of the ink chamber through the substrate. As
a result, the cooling rate of the pressure generating

member is maintained high, so ttiat tiie response char-

acteristic is maintained good.

In the inkjet head of one embodiment, a refrigerant

reservoir communicating with tiie refrigerant circulation

hole is formed on the rear side of tiie substrate. Such an
arrangement allows the refrigerant such as ink to be fed

to the front side of the substrate from the refrigerant res-

ervoir tiirough the refrigerant circulation hole.

Also, there is provided a metiiod for fabricating an
inkjet head which comprises: an Ink chamber including

as part of its peripheral wall a nozzle plate having a noz-
zle opening, and a substrate opposed to the nozzle plate;

and a pressure generating member provided in the ink

chamber and opposed to tiie nozzle plate, wherein the

pressure generating member comprises a plate-shaped
buckling member, a heater layer provkied on one side of

the buckling member on which tiie substrate Is provided,

6 and a diaphragm provided on one side of tiie buckling

member on which the nozzle plate is provided, the
method comprising tiie steps of: forming a first sacrifice

layer having a pattern occupying a specified closed area
on a suriace of the substrate; forming a first insulating

10 layer composed of a material that can be etched selec-

tively with the first sacrifice layer in such a manner that

tiie first insulating layer covers tiie first sacrifice layer;

forming on the first insulating layer a heater layer having

a pattern passing through an area occupied by tiie first

IS sacrifice layer; forming a second insulating layer com-
posed of a material that can be etched selectively with

tiie first sacrifice layer in such a manner that tiie second
insulating layer covers the above-formed layers; forming
slits along both sides of the pattern of the heater layer in

such a manner that the slits extend from a front surface
ofthe second Insulating layer to a front surface of the first

sacrifice layer; burying interiors of the slits by applying
resist onto the substrate and by performing photolithog-

raphy, and forming a resist wall that protrudes from the
front surface ofthe second insulating layer by a specified

height witii its widtii kept equal to that of tiie slits; forming
on tiie second insulating layer a first metal layer for con-
stituting the buckling member, by a plating process Into

a specified thickness which does not exceed tiie height
of the resist wall; forming a second saaifice layer com-
posed of a material that can be etched selectively witii

the first metal layer, on a closed area generally corre-

sponding to tiie first sacrifice layer in such a manner that

the second sacrifice layer covers a specified portion of a
front suriiace of the first metal layer as well as tiie slits;

forming a second metal layer serving for constituting the
diaphragm and composed of a material that can be
etched selectivelywith the second sacrifice layer, all over
so that the second metal layer covers the above-formed
layers on tiie surface of tiie substrate; boring a hole
reaching the first sacrifice layer on the front surface side
of the suljstrate by performing etching from a rear sur-

face side of the substrate, etching and thereby removing
tiie first sacrifice layer tiirough the hole selectively with
the first and second insulating layers, and subsequentiy
removing the resist wall, and further etching and thereby
removing tiie second saaifice layer tiirough tiie slits gen-
erated by removingthe resist wall selectively witfi tiiefirst

and second metal layers; and forming tiie diaphragm
having a specified configuration by patterning the sec-
ond metal layer.

According to tiie above method for fabricating the
inkjet head, since the pressure generating member can
be fabricated by semiconductor integrating processes,
tiie inkjet head can be fabricated into small size. Further,

two clearances, i.e., one clearance between the sub-
strate and the pressure generating member and tiie

other clearance between the buckling member and the
diaphragm in the pressure generating member, can be
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collectively fabricated by etching and removing continu-

ously the first sacrifice layer and the second sacrifice

layer. Accordingly, the fabrication processes can be sinv

pllfied. Yet, the two clearances are formed in response
to the thicknesses of the first sacrifice layer artd the sec- 5
ond sacrifice layer, respectively, so that the sizes of the

clearances are set with high accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS
10

The present invention will become more fully under-
stood from the detailed description given hereinbelow
and the accompanying drawings which are given by way
of illustration only, and thus are not limitative of the
present invention, and wherein: rs

Rg. 1 Is a sectional view showing an overall con-
struction of an ink jet head of the present invention;

Fig. 2 is a view for explaining operation of the ink jet
head; 20
Fig. 3 is a perspective view showing the ink Jet head
in an exploded state;

Fig. 4 is an exploded perspective view showing in

detail a buckling member and a heater layer on its

rear side and others in Fig. 3; 25

Rg. 5 is a view showing main part of tiie Inkjet head;
Rg. 6 is a view schematically showing a constructton

of an apparatus used for simulations of heat radia-

tion characteristics;

Figs. 7A and 7B are a diagram showing a drive wave- so

form for driving tiie buckling member witii drive con-
ditions 1, and a chart showing time variation of

displacement AZ and increased temperature AT of

a center portion of the buckling member, respec-
tively; 35

Rgs. 8A and 8B are charts showing thedependency
of response speed on an interval A between a sur-

face protective film of the substrate and a first insu-
lating film, and the dependency of response speed
on the thickness B of tiie first insulating film; 4o

Rgs. 9A and 9B are a chart showing the depend-
ency of response speed on a thickness C of the sec-
ond insulating film, and the dependency of response
speed on a clearance D between the bucWIng mem-
ber and a diaphragm; 45

Fig. 10 Is a plan view schematically showing con-
struction of a nrKxiel used for fluid analysis simula-
tions;

Fig. 11 is a schematic sectional view taken along a
line 11-11 of Rg. 10; so

Figs. 12A. 12B, and 12C are views showing the
dependency of ink discharge velocity on the length
F. width G, and depth H of an Ink feed passage,
respectively;

Rg. 13A Is a diagram showing the drive waveform ss
for driving the bucWing member witii drive conditions

2, and Rg. 13B is a chart showing the time variation

of displacement A2 and increased temperature AT
of the center portion of the buckling member;

Rg. 14 is a chart showing the dependency of dis-

charge velocity V on power consunription per unitvol-

umeW of the buckling member;

Rgs. 15A, 16A. 17A, ISA. 19A, 20, 21A, 23A. 24A.
25A. 26A. 27A. 28A. 30A, and 31A are process
views for explaining a method of fabricating an ink
jet head which is an embodiment of the present
Invention, in correspondence to a cross section
along tiie line Xi - Xi of Rg. 3;

Rgs. 15B. 16B. 17B. 18B. 19B. 21 B. 22, 23B, 24B,
258, 26B. 278. 28B, 29, SOB, and 31 B are process
views for explaining the method of fabricating an ink

iet head which is an embodiment of the present
invention, in correspondence to a cross section
along the line Yi - Yi of Rg. 3; and
Rg. 32 is a sectional view showing the construction
of the conventional Inkjet head.

DETAILED DESCRIPTION QF JHB PREPgRRgP
EMBODIMENTS

The Inkjet head of the present invention and its fab-
ricating metiiod are described in more detail hereinbelow
by embodiments tiiereof.

Rg. 1 shows an overall construction of an ink jet

head 90 whjch is an embodiment. This Inkjet head 90
has a substrate 7 including a surface protective film 6.

On tiie front surface side of tiie substrate 7, provided are
a first insulating film 2 as a first insulating layer, a heater
layer 3. a second Insulating film 4 as a second insulating

layer, a buckling member 1. and a diaphragm 5, one by
one. The first Insulating film 2, tiie heater layer 3, the sec-
ond insulating film 4, the buckling member 1 , and the dia-

phragm 5 constitute a pressure generating member 20.
Also on the front surface side or the substrate 7. a nozzle
plate 10 is mounted so as to be opposed to the dia-
phragm 5 via a spacer 8. Electrode pads 13a. 13b are
provided on both sides ofthe buckling member 1 . Mean-
while, on the rear surface side ofthe substrate 7. a hous-
ing 9 is provided and a refrigerant reservoir 34 is formed
bythe housing 9 on the rear surface side of the substrate
7.

Rg. 3 shows the Inkjet head in an exploded state
as viewed obliquely. Rg. 4 shows the bucWing member
1 as well as the first Insulating film 2, the heater layer 3,

and the second insulating film 4 present in tine rear of the
bucWing member 1 (omitted in Rg. 3). Although the sub-
strate 7, the buckling member 1, and the tirst insulating
film 2 and second insulating film 4 are represented each
in a rectangular form in Figs. 3 and 4. ttiey may actually
be extended peripherally (except the areas of tiie elec-
ti-ode pads 13a, 13b).

As shown in Rg. 3, the substrate 7 is formed of a
silicon (Si) plate having a silicon oxide film, which is

formed by thermal oxidation in this case, as the surface
protective film 6. The thermal conductivity of tiie sub-
strate 7 is around 70 W • m'*^ - K'^Thefilmthickness
of tiie surface protective film 6 is desirably thicker to
ensure tiie insulating property, but desirably thinner for

7
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thermal conduction. As a conclusion, the film thickness

of the surface protective film 6 is set within a range of 0.5

to 1 jun. A refrigerant circulation hole 16 is bored gener-
atly in the center of the substrate 7. The refrigerant cir-

culation hole 16 is a hole bored through the substrate 7
and having a rectangular cross section, where the
dimensions of the sides of the rectangular shape of the

refrigerant circulation hole 16 (dimensions in cross sec-

tion) are so set as to gradually decrease from the rear

toward the front side of the substrate 7. This setting is

intended to minimize the loss of the area at which the
pressure generating member 20 is, or especially the
buckling member 1 and the heater layer 3 are, opposed
to the front surface of the substrate 7. In this way the
pressure generating member 20 and the substrate 7 are
opposed to each other over a large area, so that heat of

the pressure generating member 20, especially of the
buckling member 1 and the heater layer 3. can be dis-

charged out of the ink chamber through the sut)strate 7
with high efficiency in operation.

The buckling member 1 is made of a metal material

(whose thickness is assumed to be T) such as nickel.

In more detail, the buckling member 1 is formed into a
two-layer structure in which 0.01 im thick tantalum with

a small linear coefficient of expansion is disposed on the
substrate 7 side while 6 \m thick nickel with a large lineal

coefficient of expansion is disposed on the nozzle plate

10 skie, in order that the buckling member 1 . when buck-
ling due to thermal expansion, will be deformed toward
the nozzle plate 1 0 side.

The first insulating film 2 and the second insulating

film 4 (Rg. 4) are made of an insulating nnaterial such as
silicon oxide or alumina. The first Insulating film 2 and
the second insulating film 4 prevent the current fiowing

through the heater layer 3 from leaking into the substrate

7 or the buckling member 1 . Thus, the power consump-
tion can be reduced.

As shown in Fig. 4, the buckling member 1, the first

insulating film 2, and the second insulating film 4 have
four L-shaped slits 40 bored through their rectangular

planes. The four slits 40 are arranged so as to be sepa-
rated from one another with the bent portion of the L
pointed to the center. As a result, cross-shaped portions

2a, 4a, and la are formed in center portions of the first

Insulating film 2, the second insulating film 4, and the
buckling mender 1. respectively. In particular, temainal

ends of the side lines 1b (length L. width W) of the cross-

shaped portion la of the buckling member 1 are sup-
ported by a peripheral portion 1 c of the buckling member
1 , so that the bucWing member 1 is actually buckledwhen
the side lines 1b of the cross-shaped portion la are
heated. In this shape of the buckling member 1 , with the
peripheral portion 1 c provided on the substrate 7 over its

entire periphery, thermal stress of the bucWing portions

lb due to repeated heating and cooling processes can
be received by the whole peripheral portion 1c. That is,

the thermal stress of the side lines 1b of the cross-

shaped portion 1a is generated outward In their longitu-

dinal direction. This thermal stress applies to places

adjoining to the side lines lb of the peripheral portion 1c,

and moreover to portions of the peripheral portion 1c
acQoining to the places. Therefore, the thermal stress of

the side lines lb of the cross-shaped portion la can be
5 relaxed and received by the whole peripheral portion 1 c.

Thus, the place where the substrate 7 and the buckling

member 1 are fitted to each other is subject to less dam-
age, so that the service life of the ink Jet head can be
prolonged.

10 The heater layer 3 Is made from , for example, nickel

or nickel chromium alloy or other like materials. The
heater layer 3 has strip-shaped electrode portions 3c, 3c
extending in parallel around the first and second Insulat-

ing films 2. 4; a circular portion 3a sandwiched by the
IS center portions (crossing portions of the side lines 1 b) of

the cross-shaped portions 2a, 4a of the first and second
insulating films 2. 4; and a strip-shaped resistance por-

tion 3b which is sandwiched by the side lines 1b of the
cross-shaped portions 2a, 4a of the first and second
Insulating films 2, 4 and which is meandered in U-shape
to connect the electrode portions 3c, 3c and the circular

portion 3a with each other. The electrode pads 1 3a. 1 3b
made of the same layer as the buckling mennber 1 are
connected onto the electrode portions 3c, 3c. As seen
above, sincethe buckling member 1 and the heater layer

3, which constitute the pressure generating member 20,
are provided by independent layers, the heater layer 3
can be formed into a narrow pattern irrespectively of the
shape of the buckling member 1 . Therefore, the amount
of electrical energization required for necessary quantity
of heat generation can be reduced so thatthepowercon-
sumption can be reduced.

As shown in Rg. 3, the diaphragm 5 is made of an
elastic material such as nickel and formed into a gener-
ally disc shape (with diameter E). Thanks to this dia-

phragm 5, ink 15 present in a clearance 31 between the
nozzle plate 10 and the pressure generating member 20
as shown in Fig. 1 can be prevented from going around
to the rear side of the pressure generating member 20
during an operation. Accordingly, tiie discharge force

and discharge velocity of ink can be increased and. as a
result, practical operating characteristics can be
obtained. In particular, since this diaphragm 5 is formed
Into a generally disc shape, the volumetric variation of

the ink chamber (clearance) 31 is large for a small sur-

face area of the diaphragm 5. This Is because, however
large the surface area of the diaphragm is. the portion

that is displaced witii a push by the buckling member 1

is limited to the circular area about tiie place with which
the buckling member 1 makes contact As a result, the
discharge force and discharge velocity of Ink can be
made large forthe small surface area ofthe diaphragm 5.

The spacer 8 is made of an insulating film material
such as polyimlde or acrylic photosensitive adhesives
having a specified thickness. This spacer 8 has a through
hole 8a drilled into a circular shape in order to form the
clearanc 31 in which Ink should be filled between the
diaphragm 5 and the nozzle plate 10. Also, to feed Ink
into the clearance 31, provided is an ink feed passage
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plate 10. By this injection of the ink droplet 15a, the

print surface provided opposite to the nozzle plate

10 is performed is printed.

It is noted that while the bucWing member 1 and
the diaphragm 5 are displaced toward the nozzle s

plate 10, the ink 15 that has been present in the

refrigerant reservoir 34 flows into the clearance 32
between the substrate 7 and the first insulating film

2 through the refrigerant drculation hole 1 6, and fur- •

ther flows into the clearance 33 between the buck- io

ling member 1 and the diaphragm 5 through the silts

40.

(3) Subsequently, the switch 52 is returned to the
ground side, whereby the heater layer is stopped
from being energized (cooling period). Then, the is

bucWing member 1 is cooled, going to restore to the
original no-displacement state together with the
heater layer 3. When the buckling member 1 is going
to restore to the original position, the diaphragm 5
undergoes a tensile force from the buckling member so

1 in addition to the restoring force of its own. In par-

ticular, since the center portfon 5a of the diaphragm
5 is coupled to the center portion 1 a of the buckling
member 1, the portion of the diaphragm 5 that has
been displaced most in the heating period, or the ss
center portion 5a, is tensed by the portion of the
buckling member 1 that restores fastest, or the
center portion 1 a. As a result, the diaphragm 5 fast

restores to the original position. Thus, the pressure
generating member 20 restores to the original posi- 30

tion as a whole (standby state). Such heating period
and cooling period are repeated, whereby the pres-
sure generating member 20 is repeatedly displaced
and restored.

In tills connection, the refrigerant that flowed 3S
into tiie clearances 32, 33 and slits 40 through tine

refrigerant circulation hole 16 in the step (2) circu-

lates between the rear and front sides of tiie sub-
strate 7 as the pressure generating member 20 is

displaced arid restored by heating and cooling. The 40
refrigerant thus contributes to the discharge of heat
Yet, the present Inkjet head 90 has tiie substrate 7
present on the rear side of the pressure generating
member 20. The thermal conductivity of the sub-
strate 7 is about 70 W • m""" • K"\ greater than 45
that of the ink 1 5 by two orders or more. Therefore,

after the heating period and upon an entrance into

the cooling period, the heat of tiie buckling member
1 and the heater layer 3 is discharged rapidly out of

the ink chamber through the substrate 7 (including so

the surface protective film 6). Accordingly, the pres-
sure generating member 20. particularly the buck-
ling member 1 and tiie heater layer 3 can be rapidly

cooled. As a result of this, a better response char-
acteristic is obtained so tiiat fast printing is enabled, ss

Next described is the results of examining the per-
formance of the ink Jet head 90 by simulations.

(1 ) First, with this Inkjet head 90. a simulation on the
displacement and lncreas«j temperature of ttie

centerportbn 5a ofthe diaphragm 5 was performed.

Fig. 6 outlines tiie construction of the device
used in tfiis simulation. In this device, a portion 91
pertinent to tiiermal response characteristics of the
Inkjet head 90 is accomnrKXiated In a container 99
for defining the boundary conditions in this simula-
tion. The dimensions of tiie container 99 are set
larger than the outer dimensions of the portion 91
pertinent to the tiiermai response characteristics by
the degree of 20 \m each. As the configuration of
tiie portion 91 pertinent to the thermal response
characteristics, which configuration serves as the
reference for setting the dimensions of tiie container

99, based on the fact that tiie buckling member 1

deforms 9 pxn toward tiie nozzle plate 10 for a 100
degree temperature Increase of the buckling mem-
ber 1 , such a configuration was adopted that the
center portion 1a of tiie buckling member 1

deformed the average of 4.5 ]im. It Is noted tiiat the
temperature increase was set to 100 degrees
because in another energy calculation the energy
required to discharge tiie ink droplet was set to ten
times larger tiie sum of "Wnetic energy + surface
energy" of the Ink droplet With the interior of tiie

container 99 filled witii the ink 15, tiie simulation was
performed on the assumption tiiat the inner surface
of tiie container 99 and the rear side of the substrate
7 would be maintained at O^C. In Rg. 6, the an-ows
directed from the heater layer 3 toward the rear side
of the substrate 7 show principal discharge paths of
heat.

Rg. 5 illustrates the way of setting parameters
for the portion 91 pertinent to the tiiermaJ response
characteristics In this simulation. Reference charac-
ter A denotes tiie size of the clearance 32, or the
Interval between the surface protective film 6 of the
substrate 7 and the first insulating film 2. B denotes
tiie tiiickness of the first Insulating film 2, and C
denotes the thickness of the second insulating film

4. Further, D denotes the size of the clearance 33,
or the interval between the buckling member 1 and
the diaphragm 5.

Also, the length L of the side lines 1 b ofthe buck-
ling member 1 (not including the central crossed por-
tion out of the cross-shaped portion 1 a) as shown in

Rg. 4was set to 250 jxm. The widthW of the buckling
member 1 was set to 92 jxm and its thickness T was
set to 5 (jun. Further, although the number of side
lines lb of tiie buckling member 1 (number of side
lines of the bucWing portion) was four in Rg. 4. this

simulation was performed on the assumption that
eight of the side lines were present in a radial con-
figuration. Also, the diameter E of tiie diaphragm
was set to 800 \ur\, and the thickness of the heater
layer 3 was set to 0. 1 ^m.

10
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(i) First, the parameter A was set to 0.5 \im, B
was 0.5 |xm» C was 0.5 ftm, and D was 0.5 jun.

Also, as the drive conditions, the buckling

member 1 was set as follows (drive conditions

1): 5

energy consumption per unit volume to

7.6x108 J/m3;

power consumption per unit volume to

4x1013 w/m3; and ro

pulse width to 19 ^s.

Fig. 7A shows the drive waveform corre-

sponding to the drive conditions 1. Rg. 7B
charts the displacement A2 and increased tern- is

perature AT of the center portion 1 a of the buck-
ling member 1 versus elapsed time, obtained by
simulated calculation with the drive conditions

1. Fig. 78 also charts time transition of

increased time ATi^k of the Ink present on the 20
surface of the diaphragm 5 in addition. Calcu-
lating the response speed from the increased
temperature curve AT of the buckling member
1 yields a leading-edge response speed (tr) of

19 ^Ls and a trailing-edge response speed (td) ss
of 101 us. Therefore, it can be understood that

the drive with a drive frequency of 8.3 kHz is

possible.

The reason why the drive frequency can be
made so high as above is that the traillng-edge 30
response speed (td) is relatively high. That is.

the heat of the buckling member 1 and the
heater layer 3 is fast discharged outside after

conducted by the ink 15 that is passed through
the refrigerant circulation hole 1 6 and then goes 3s
in and out between the clearance 32 and the
rear side of the substrate 7, and further con-
ducted by the substrate 7 having the surface
protective film 6. Also, the substrate 7 having a
high thermal conductivity is located in proximity 4o
to the buckling member 1, This arrangement
allows a high trailing-edge response speed (td)

and a high drive frequency,

(ii) Next, under the same drive conditions 1 . the
parameter A was changed from 0.1 to 2.0 jyun 4s
while the parameter B was held at 0.5 itm, C at
0.5 fim, and D at 0.5 fim.

Fig. 8A shows a variation of the response
speed that occurred in this case. The leading-
edge response speed (tr) becomes slightly so
higher with increasing A. Meanwhile, the trail-

ing-edge response speed (Id) becomes mark-
edly lower with increasing A. As can be
understood from Fig. 8A, drive at a drive fre-

quency of 5.5 kHz is possible when A Is 2 fun ss
or less. Drive at a drive frequency of 6.8 kHz is

possible when A is 1 jjim or less.

This parameter A, or the distance of the
clearance 32. is actually set to within a range of

0.05 \m to 2.0 imi. The reason of this is that if

the distance of the clearance 32 is 0.05 fxm or
more, the clearance 32 can be easily formed,
as described later, through steps of laminating

the materials of a sacrifice layer (a layer for

processing) and the pressure generating mem-
ber 20 one by one on the substrate 7 and then
removing the sacrifice layer with an etchant In

contrast to this, if the distance of the clearance
32 is less than 0.05 ^m. the etchant could not
be easily penetrated therethrough so that the
clearance 32 becomes difficult to form. Also, if

the distance of the clearance 32 is over 2.0 pim.

the heat radiation effect through the substrate 7
is reduced so that the response characteristic

of the pressure generating member 20 cannot
be improved.

(iiO Next, under the same drive conditions 1. the
parameter B was changed from 0.1 to 1 .0 \im
while the parameter A was held at 0.5 ]ur\, C at
0.5 p-m, and D at 0.5 \un.

Fig. SB shows a variation of the response
speed that occurred In this case. The leading-
edge response speed (tr) becomes slightly

higher with increasing the parameter B. Mean-
while, the trailing-edge response speed (td)

becomes markedly lower with increasing the
parameter B. As can be understood from Fig.

8B, drive at a drive frequency of 7.6 kHz is pos-
sible when B is 1 irni or less. Drive at a drive
frequency of 8.3 kHz is possible when B is 0.5
Jim or less. In addition, tiie parameter B, or the
thickness of the first insulating film 2, may also
be actually set to 0,1 jim or less.

(iv) Next, under the same drive conditions 1 , the
parameter C was changed from 0.1 to 1.0 ^im
while the parameter A was held at 0.5 ^m, B at
0.5 |im, and D at 0.5 ]im.

Rg. 9A shows a variation of the response
speed that occun-ed in tills case. The leading-
edge response speed (tr) becomes slightiy

lower with increasing C. Meanwhile, the trailing-

edge response speed (td) becomes also slightiy

lower with increasing C. As can be understood
from Rg. 9A, drive at a drive frequency of 8 kHz
is possible when C is 1 pm or less. Drive at a
drive frequency of 8.3 kHz is possible when C
is 0.5 nm or less. In addition, the parameter C,
or the thickness of tiie second insulating film 4,
may also be actually set to 0.1 ftm or less.

(v) Next, under the same drive conditions 1 , tiie

parameter D was changed from 0.1 to 2.0 \im
while the parameter A was held at 0.5 M-m. B at
0.5 p.m, and C at 0.5 p.m.

Fig. 9B shows a variation of the response
speed that occun-ed in this case. The leading-
edge response speed (tr) becomes higher with
increasing D. Meanwhile, the trailing-edge

response speed (td) becomes markedly higher

11
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with increasing D. As can be understood from

Fig. 9B, drive at a drive frequency of 6.7 kHz is

possible when D is 0.1 fun. Drive at a drive fre-

quency of 8.3 kHz is possible when D is 0.5 p.m.

In particular, drive at a drivefrequency of 10 kHz 5
is possible when D is 1.0 p.m or more. In addi-

tion, the parameter D, or the distance of the

clearance 33 between the buckling member 1

and the diaphragm 5, may also be actually set

to 1.0 ^m or more, as descril^ed later. 10

(2) Next, the discharge velocity V of ink droplets of

the ink jet head 90 was examined.

The discharge velocity V of ink droplets can be
calculated by a simulation with fluid analysts. Rg. 10 is

is a plan view showing the ink jet head 90 as rt is

modeled for fluid analysis. Fig. 1 1 shows a cross

section taken along the line 11-11 and viewed along

the arrows in Fig. 10. It is noted that the nozzle plate

is omitted for convenience in Fig. 10, and only the so

diaphragm 5 out ofthe pressure generating member
20 is shown In Rg. 11.

in this simulation with fluid analysis, a fluid 15b
present on the surface of the diaphragm 5 was given

a moving velocity Vq, and a so-called wall-drive 25

model for analyzing the movement of fluid within the

ink chamber 31 was used. In this wall-drive model,

the diaphragm 5 is first displaced at a velocity of Vq.

A pressure thereby developed to the surface of the

diaphragm 5 propagates in the fluid 15 toward the 30

nozzle plate 10. By this propagation of pressure, it

is assumed that the ink droplet 15a is discharged

from the nozzle orifice 1 1 at a velocity V. It is noted

that part of the pressure propagates through the ink

feed passage 14 and the refrigerant feed passage 3S

35 shown in Fig. 1 toward the refrigerant reservoir

34.

With the length F, wWth Q, depth H of the ink

feed passage changed as parameters, the dis-

charge velocity V was calculated. The drive condi- 4o

tions 1 in the step (1) were adopted as tiie drive

conditions for this calculation. The parameters as
shown in Fig. 5 were so set that A was 0.5 fun. B
was 0.5 fi-m, C was 0.5 jim, and D was 0,5 fim.

Fig. 12A shows a variation of the discharge 4s

velocity V when the parameter F was changed from

200 p.m to 1000 \ur\ while Q was set at 40 ^.m and
H at 30 |im. The discharge velocity V becomes
higher as the lengtii F of the ink feed passage 14
becomes longer. • 50

Fig. 12B shows a variation of the discharge

velocity Vwhen the parameter G was changed from

30 (im to 60 fim while F was set at 200 jxm and H at

30 \wn. The velocity V becomes lower as the width

G of the inkfeed passage 1 4 becomes wider. 55

Fig. 12c shows a variation of the discharge

velocity V when the parameter H was changed from

20 \im to 50 ^lm while F was set at 200 ^m and G at

40 ftm. The discharge velocity V becomes lower as

tile depth H of the ink feed passage 14 becomes
deeper.

Consequently, the longer the length F of the ink

feed passage 14 and the narrower the opening area

(GxIH). i.&. tiie higher the resistance that occurs

when the ink 15 flows back along the ink feed pas-

sage 14. the faster the ink discharge velocity V. In

this connection, from the results of Rg. 12, it was
found that if tiie length F of the ink feed passage 14

is 200 \im or more and the opening area (GxH) is

2000 nm2 or less, then the ink droplet 15a is dis-

charged at a velocity of 6.7 m/s or more. In particular,

if the lengtii F of the ink feed passage 14 is 1 000 pm
and the opening area (GxH) Is 1200 jimz, then the

ink droplet 15a is discharged at a velocity of 15.6

m/s or more.

(3) By using again the device as shown in Fig. 6. a
simulation on the displacement and increased tem-

perature of the center portion 5a of tine diaphragm 5
was performed with the above Inkjet head 90.

In the same way as in the simulation of (1) (0.

the length L ofthe skie lines lb of the buckling mem-
ber 1 (not including the central crossed portion out

of tiie cross-shaped portion la) as shown in Fig. 4
was set to 250 The width W of the buckling

member 1 was set to 92 fjim and its tiiickness T was
set to 5 |jun. Furtiier. although the number of side

lines lb of the buckling member 1 (number of side

lines of tiie bucWing portion) was four in Fig. 4. this

simulation was performed on the assumption that

eight of the side lines were present in a radial con-

figuration. Also, the diameter E of the diaphragm
was set to 800 fun. and the thickness of the heater

layer 3 was set to 0.1 fun.

Also, as for the parameters as shown in Fig. 5,

A was set to 0.5 jim. B vras 0.5 jim, C was 0.5 pm,
- and D was 0.5 \im.

Further, as the drive conditions, the buckling

mender 1 yms set as follows (drive conditions 2):

energy consumption per unit volume to 7.6x10^

J/m3;

power consumption per unit volume to 8x10"* 3

W/m3; and
drive pulse width to 9.5 |xs.

These drive conditions 2 are such that the energy con-

sumption per unit volume is the same, the power con-

sumption is double, and tine pulse width is half relative to

the drive conditions 1

.

Fig. 13A shows the drive waveform correspond-

ing to tiie drive conditions 2. Fig. 13B charts tiie dis-

placement AZ and increased temperature AT of the

center portion la of the buckling member 1 versus
elapsed time, obtained by simulated calculation with

tiie drive conditions 2. Rg. 13B also charts time tran-

sition of increased time AT|nk of the Ink present on
the surface of the diaphragm 5 in addition. Calculat-

ing the response speed from tine increased temper-
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ature curve AT of the buckling member 1 yields a
leading-edge response speed (tr) of 9.5 |is and a
trailing-edge response speed (td) of 101 \isi There-
fore, it can be understood that the drive with a drive
frequency of 9.0 kHz is possible. Since these drive 5
conditions 2 are shorter in pulse width and iarger in

power consumption than the drive conditions 1 . the
moving velocity of the buckling member 1 can be
made &/en faster and moreover the drive frequency
can be made even higher.

(4) Next, the discharge velocity V of the ink droplet
of the Inkjet head 90 under the drive conditions 2
was calculated by using the model as shown in Rgs.
10 and 11 and by a simulation with fluid analysis.

In the same way as In the simulation of (2). the is

discharge velocity V was calculated with the length
F. width Q. and depth H of the ink feed passage
changed as parameters. Also, as forthe parameters
as shown in Rg. 5. parameter A was set to 0.5 jim.
Bto0.5pm. Cto0.5|im.andDto0.5^m, 20

From the results of this simulation, it was found
that if the length F of the ink feed passage 1 4 is 200
ftm or more and the opening area {QxH) is 2000 \Lrr\^

or less, then the Ink droplet 15a is discharged at a
velocity of 22.9 nVs or more. In particular, if the 2S
length F of the ink feed passage 14 is 1000 jim and
the opening area (GxH) Is 1200 nm^ then the ink
droplet 15a is discharged at a velocity of 31 .8 m/s or
more. Like this, the discharge velocity of the ink
droplet 1 5a was able to be improved to large extent 30
by adopting tiie drive conditions 2.

The reason whythe discharge velocityV can be
so inproved as above is tinat the deformation veloc-
ity of tfie bucWIng member 1 becomes higher under
the drive conditions 2 than under tiie drive conditions 3S
1. That is, in comparison between the drive condi-
tions 2 and the drive conditions 1, the energy con-,
sumption per unit volume of the buckling member 1

Is of the same value, but the drive pulse width is

smaller and the power consumption is larger in tfie 40
drive conditions 2 than in the drive conditions 1 . For
tliis reason, tiie deformation velocity of the buckling
member 1 becomes raster. As a result, the pressure
to the ink 1 5b becomes larger so that the discharge
velocity V of tiie Ink droplet 1 5a can be Improved. 4s

As seen above. In the drive conditions, if the
energy consumption per unit volume of the bucWing
member 1 is unchanged and the power consumption
is, for example, doubled, I.e., the drive pulse width
is halved, tiien the discharge velocity of the inkdrop- so
let 15a can be made 1 .5 times fester.

(5) Next, by using the model as shown in Rgs. 10
and 11 and by a simulation with fluid analysis, the
discharge velocity V of tiie ink droplet of the Inkjet
head 90 was calculated witin a wide range of change ss
in the power consumption per unit volume of the
bucWing member 1 out of tiie drive conditions.

As forthe parameters as shown In Rg. 5, param-
eter A was set to 0.5 jtm. B to 0.5 jun, C to 0.5 jun,

and D to 0.5 |un. Also, for the Ink feed passage 14
as shown in Rgs. 10 and 11, its F was set to 200
^m, G to 40 Jim. and H to 30 lun.

Fig. 14 shows the discharge velocityV of the ink
droplet that occurred in this case. As seen from Rg.
14, if the power consumption per unit volume W of
the buckling member 1 is less tiian 3x1 0^3 w/m3,
then the ink droplet is not discharged (or is dis-
charged unstably). However, if the power consump-
tion W exceeds the threshold 3x1 01 3 w/m3 or so,
then the Ink droplet starts being discharged, where
tiie discharge velocity V increases with increasing
power consumption W. Accordingly, in view of ttie

stability of discharge and tiie increase in the dis-
charge velocity, tiiepower consumption per unit vol-
ume W of the buckling member 1 1s desirably set to
4x1 01 3 w/m3 or more.

Also, although tiie discharge velocity V can be
increased by increasing tiie power consumption per
unit volume W of the buckling member 1 as
described above, increasing the energy consump-
tion more than necessary in order to increase tiie
power consumptionWwould cause tiie temperature
of tiie bucWIng member 1 to increase too high such
that tiie bucWIng member 1 would be deteriorated
and shortened In life. From this point of view, the
energy consumption per unit volume of the buckling
member 1 is desirably 4x109 J/m3 or less for each
unit volume, and more desirably 7.6x108 J/m3 or
less.

In addition, tiie material of ttie bucWing member
1 is not limited to nickel as described above. The
material of tiie buckling member 1 is required only
to be large in Young's modulus, large in linear coef-
ficient of expansion, and easy to form a film. Also,
the dimensions of tiie buckling portions lb of tiie

bucWIng member 1 are not limited to length L = 250
MJn. W = 92 ^m, and tiiickness T = 5 }mi. Further,
the number of side lines of tiie buckling member 1

is not limited to four or eight. The number ofthe buck-
ling portions may also be two or six. Increasing tiie
number of buckling portions in a radial configuration
allows tiiepressure to the inkto be increased so that
tiie discharge velocity of ink droplets can be
improved.

Furthermore, tiie diameter E of the diaphragm
is not limited to 800 |xm and tiie thickness of tiie
heater layer is not limited to 0.1 jun. They are
required only to have such sizes as will not impair
tiie degree of integration and as will permit neces-
sary energy to be produced, and such dimensions
as easy to fabricate.

Also, the surface protective film 6 has been
given by a silicon oxide film, but instead may be pro-
vided by alumina. Alumina has a high thermal con-
ductivity compared with tiie silicon oxide film, so tiiat
it can make the cooling rate of the buckling member
1 higher and tiierefore further improve the response
characteristic.
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Also, the substrate 7, although provided by a sil-

icon (Si) plate in this example, has only to be made
of a material whose thermal conductivity is 70W • m' • K' or more. For example, it may be
made of a glass plate. In such a case, the surface 5
protective film 6 may be omitted.

Also, the refrigerant to be fed to the refrigerant
reservoir 34 is not limited to the Ink 15. The refriger-
ant is required only to be a liquid or sol substance
and have a thermal conductivity equal to or more 10
than that of the ink 15.

Further, the ink jet head'90 has been described
as one having only one nozzle orifice 11 in this
example. However, actually, a plurality of nozzle ori-

fices 1 1 and the pressure generating member 20 is
opposed thereto may be an-anged on the nozzle
plate 1 0 so that the inkdroplet 15a will be discharged
through a plurality of places of the nozzle plate 10.

Next described is the method of fabricating the ink 20
jet head 90.

Rgs. 15A. 15B. I6A, 16B 31A. and 31B show
the processes of fabricating the pressure generating
member 20. which is a main part of tiie Inkjet head 90
Agroupof Figs. ISA. 16A. 17A. 18A. 19A, 20, 21A. 23A, 2S
24A, 25A. 26A. 27A. 30A, and 31 A, and another group
of Rgs. 158, 16B, 17B. 18B. 19B, 21B. 22. 23B. 24B
25B. 26B; 278, 28B, 29. 30B, and 31 B correspond to tiie
cross section taken along the line Xi - Xi and that taken
along the line Yi - Yi in Rg. 3, respectively. 30

(i) Rrst. as shown In Rg. 1 5A and 15B. silicon oxide
films 6. 6 are farmed on the front and rear surfaces
of tile substrate 7 of both orientations (100) to a
specified thickness (e.g.. 1 p.m) by thermal oxidation. 55
00 Next, as shown in Figs. 16Aand 16B. photoresist
(not shown) is applied to the rear surface side of the
substrate 7, and photolitiiography is carried out so
that a rectangular opening corresponding to the
shape of the refrigerant circulation hole 1 6 (see Fig. 4o
3) is bored In the resist. Then, dry etching is carried
out by using CHF3. whereby a rectangular opening
6a is bored in tiie thermally oxidized film 6 on the
rear surface side. Subsequentiy, the silicon sub-
strate 7 is immersed in a potassium hydroxide solu- 4S
tion. and tiie substrate 7 is wet-etched from rear
surface to front surface side with the thermally oxi-
dized film 6 used as a mask so tinat tiie refrigerant
circulation hole 1 6 is fonned to a halfway. The inner
wall surface of tiie refrigerant circulation hole 16 so
becomes a (111) plane witii a low etching rate.
Thereafter, tiie resist is stripped off. It is noted that
tiie refrigerant circulation hole 16 is formed haifway
at tills stage because only a slight amount of etching
will be required to complete the refrigerant circula- ss
tion hole 16 in later processes,
(iii) Next, as shown in Figs. 17A and 17B. an alumi-
num film 120 witii a thickness of, for example, 0.5
Jim is formed as a first sacrifice layer by, for example.

sputtering on tiie tfiermally oxidized layer 6 on tiie
front surface side of the substrate. Subsequentiy.
photolrtiiography and etching are carried out on tiie
film so ttiat tiie aluminum film 120 is processed into
a pattern corresponding to tiie clearance 32 as
shown In Rg. 1. Depending on tfie thickness of the
first sacrifice layer, tiie dimension of tiie clearance
32 shown in Rg. 1 . or the interval A between the sur-
face protective film 6 of tiie substrate 7 and the first

insulating film 2 shown in Rg. 5 is determined.

.
(iv) Next, as shown in Rgs. ISA and 18B, an silicon
oxkJe film 2 with a thickness of, for example. 0.5 )xm
Is fanned as a first insulating film on tiie first sacrifice
layer by, for example, sputtering. Subsequentiy. on
tiie silicon oxide fUm 2, a tantalum film witii a thick-
ness of. for example. 0.01 fim and a nickel film (not
shown) witii a thickness of, far example, 0. 1 \im are
formed as tiie material of the heater layer 3 by. for
example, sputtering. Thereafter, photolithography
and etching are carried out so tfiat the tantalum film
and tiie nickel film are processed into a pattern. As
a result, tiie heater layer 3 meandered In U-shape is

fabricated on tiie first Insulating film 2. It Is noted that
tiie fantalum film is formed witii a view to increasing
tiie adhesion between the silicon oxide film 2 and
the nickel film,

(V) Next, as shown in Figs. 19A and 19B, a silicon
oxide film 4 with a tiiickness of, for example. 0.5 jim
is formed as a second insulating film on the heater
layer 3. SiA)sequently. as shown in Rg. 20. photoli-
tiiography and etching are earned out so that an
electrode lead-out hole 160 is formed in the silicon
oxide film 4.

(yi) Next, as shown in Figs. 21A and 21 B. a tantalum
film with a thickness of, for example. 0.01 jun and a
nickel film 170 witii a thickness of, for example. 0.1
lun are formed as part of tiie material (a first metal
layer) of tiie bucWing member 1 on the silicon oxide
fnm 4 by, for example, sputtering. It is noted that the
tantalum film is formed with a view to increasing tiie
adhesion between tiie silicon QxWe film 4 and tiie
nickel film 170.

(vii) Next, as shown in Rg. 22, photoresist 180 is

applied on tiie nickel film 170. and openings con-e-
sponding to the pattern of tiie slits 40 (see Fig. 4) to
be formed. In tiie silicon oxide films 2, 4 are formed
in tiie photoresist 1 80. Subsequently, etching is per-
formed so ttiat tiie slits 40 are fonned in tiie silicon
oxide films 2. 4.

(viii) Next, as shown in Rgs. 23A and 23B, photore-
sist 190 is applied on tiie photoresist 180 and pho-
tolithography is carrl^ out so tiiat the photoresist
190 is left in a configuration con-esponding to tiie
pattern of the sirts 40. That Is. tiie photoresist 190 Is
shaped into such a configuration tiiat tiie slits 40 of
tiie silicon oxide films 2. 4 are buried and that tiie
photoresist 190 is protruded upward from the sur-
face of tiie silicon oxide film 4 witii the same pattern
widtfi as the slits 40 to a spedfled height (a height
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exceeding a nickel plated film 200 as described
below).

(ix) Next, as shown In Rgs. 24A and 24B, a nickel
plated film 200 with a specified thickness (for exam-
ple, 5 |im) Is formed as the remaining portion of the s
material of the buckling member 1 on the silicon
oxide fflm 4 by an electrolytic plating process. As the
electrolytic plating process, nickel plating by. for
example, nickel sulfamate bathing may be adopted
with the nickel film 170 used as an electrode. io

In addition, in Fig. 24A. areas sandwiched by
the photoresist 190, 190 out of the nickel films 170.
200, and others form the budding member 1. while
areas outer than the ptfnotoresist 1 90. 1 90 out of the
nickel films 170. 200. and others form wirings 51a. is
51b as shown in Fig. 1.

(x) Next, as shown in Figs. 25A and 25B. an alumi-
num film 210 with a thickness of, for example, 0.5
)m is formed on the nickel plated film 200 as a sec-
ond-sacrifice layer by. for example, sputtering. Sub- so
sequently, photolithography is performed and
etching with a potassium hydroxide solution used as
the etchant is performed, so that the aluminum film
2 1 0 is processed into a pattern con-esponding to the
clearance 33 as shown in Fig. 1 . Depending on the zs
thickness of the second sacrifice layer 21 0. the size
of the clearance 33 shown in Rg. 1. or the interval
D between the buckling member 1 and the dia-
phragm 5 shown In Fig. 5 is determined.

In addition, since the etching of the second sac- 30
rlfice layer 210 is performed by using an alkaline
etchant (potassium hydroxWe solution), the resist
190 present outside the pattern of the second sac-
rifice layer 210 (see Rg. 24A) is removed together
with the second sacrifice layer 21 0. Meanwhile, the ss
photoresist 1 90 present insidethe pattern ofthe sec-
ond sacrifice layer21 0 is left as it is underthe second
sacrifice layer 210, as shown in Fig. 25B.
(xi) Next, as shown In Fig. 26A and 26B, on the sec-
ond sacrifice layer 21 0. a tantalum film with a thick- 4o
ness of. for example, 0.01 jtun and a nickel film (not
shown) with a thickness of. for example. 0.1 jim are
formed as part of the material of the diaphragm 5 (a
second metal layer) by. for example, sputtering. Sub-
sequently, a nickel plated fflm 220 with a specified 45
thickness (for example, 4 jun) is fonned thereon as
the remaining portion of the material of the dia-
phragm 5 with the nickel film used as an electrode
by an electrolytic plating process. As the electrolytic
plating process, nickel plating by, for example, nickel so
sulfamate bathing may be adopted with the nickel
film 170 used as an electrode. In addition, the tan-
talum film is formed with a view to increasing the
adhesion between the nickel film 200 or the alumi-
num film 21 0 and the nickel film formed In this step, ss
(xiO Next, as shown in Figs. 27A and 27B. the sub-
strate 7 in this state Is Immersed In a potassium
hydroxide solution, and the silicon substrate 7 is
etched by using as masks the nickel plated film 220

on the front surface side of the substrate and the
thermally oxidized film 6 on the rear surface side of
the substrate. By this process, the refrigerant circu-
lation hole 1 6 is completed so asto be bored through
from the rearto the front surface side of the substrate
7. The Inner per^jheral surface of the refrigerant cir-
culation hole 16 becomes a (1 1 1) plane with a low
etching rate. The etching Is stopped at the surface

.
protective film 6 of the substrate 7.

(xilO Next, as shown In Figs. 28A and 28B. the sub-
strate 7 In this state is Immersed in a hydrofluoric
acid solution, and the thermally oxidized film 6 on
the rear surface side of the substrate and tine alumi-
num film 120 as the first sacrifice layer are etched

"

andtherebyremoved. By tiiisprocess, the clearance
32 IS formed between the surface protective film 6
of the substrate 7 and the first insulating film 2. Sub-
sequently, as shown in Rg. 29. the substrate 7 is
immersed in the aforementioned potassium hydrox-
ide solution, and the photoresist 190 and the alumi-
num film 210 as the second sacrifice layer are
etched and thereby removed. As a result, the clear-
ance J?3 is formed between the buckling member 1
and the diaphragm 5.

(xiv) Next, as shown in Rgs. 30A and 30B. photore-
sist 230 is applied to the front surface side of the
substrate, and photolithography and chart are car-
ried out so that the diaphragm 5 is formed by pat-
terning the nickel film 220 and the like.

(XV) Next, as shown in Rgs. 31Aarxi 31 B. the pho-
toresist 230 is stripped off. As a result, the counter
20 is completed.

(xvO Finally, as shown in Rg. 1, the nozzle plate 10
IS installed via the spacer 8 on the front surface side
of the substrate 7 in this state, and besides the hous-
ing 9 is joined on the rear surface side of the sub-
strate 7, whereby tiie Inkjet head 90 is completed
It Is assumed that the ink feed passage 14 in tiie
spacer 8. the nozzle orifice 1 1 in the nozzle plate 10
and the refrigerant feed passage 35 in the housing
9 are previously fabricated.

As seen above, in this fabricating metiiod, since the
pressure generating member 20 is fabricated by semi-
conductor integrating processes, the Inkjet head 90 can
be fabricated into small size. Also, since the two clear-
ances 32. 33 in the pressure generating member 20 are
formed collectively and continuously, the fabricating
process can be simplified. Yet. since the clearances 32.
33 are formed according to the thicknesses of the first
sacrifice layer 120 and tfie second sacrifice layer 210
the dimension of the clearances 32, 33. or the interval A
between tiie surface protective film 6 of the substrate 7
and ttie first Insulating film 2, as well as the interval D
between tiie buckling member 1 and the diaphragm 5
can be s t each with a high accuracy For example the
interval A can be set to 0.1 ^m or less and the interval D
can be set to 1.0 jim or more. As a result, the response
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speed of the ink jet head 90 can be improved so that
high-speed printing can be realized.

As apparent from the foregoing description, in the
Inkjet head of the present Invention, since the substrate
is present on the rear side, heat of the pressure gener- s
ating member, especially ofthe bucWing member and the
heater layer, can be discharged out of the ink chamber
rapidly through the substrate, by selecting a material
having a thermal conductivity larger than that of ink by
one order or more as the material of the substrate. io
Accordingly, the cooling rate of the pressure generating
member can be made high and. as a result, a good
response characteristic is obtained so tiiat high-speed
printing becomes possible. Also, since the bucWing
member and the heater layer, which constitute the pres- is
sure generating member, are provided by independent
layers, the heater layer may be shaped into a narrow pat-
tern irrespectively of the shape of the buckling member.
Such an- arrangement isaves the amount of current for
energization involved In obtaining a required amount of 20

I

heat so tiiat the power consumption can be reduced.
In tile InkJet head of the present invention, since tine

substrate is present on the rear side of the pressure gen-
erating member, heat of the pressure generating mem-
ber, especially of the buckling member, can be 2s
discharged out of the ink chamber rapidly through the
substrate, by selecting a material having a tfiermal con-
ductivity larger tiian tfiat of ink by one order or more as

.
the material of tiie substrata Accordingly, tiie cooling
rate of the pressure generating member can be made 30
high and, as a result, a good response characteristic is
obtained so that high-speed printing becomes possible.
Also, tiianks to tiie diaphragm, the ink present in a clear-
ance between tiie nozzle plate and tiie pressure gener-
ating member (diaphragm) can be prevented from going 35
around to the rear side of tiie pressure generating mem-
ber (diaphragm) during an operation. As a resuit, tiie dis-
charge force and discharge rate of ink can be made
large. Further, since tiie buckling member and the dia-
phragm, which constitute the pressure generating mem- 4o
ber, are provided separately, tiie buckling member may
be shaped irrespectively of tiie shape of tiie diaphragm.
For example, it becomes possible to form slits In the
buckling member. Such an arrangement allowsthe buck-
ling member to be rapidly cooled by circulating the refrig- 46
erant such as ink tiirough tiie buckling member on the
rear side of tiie diaphragm. As a result, an even better
response characteristic can be obtained so that high-
speed printing becomes possible.

In tiie Inkjet head of one embodiment, since the sub- 50
strate Is present on.tfie rear skfe of the pressure gener-
ating member, heat of ttie pressure generating member,
especially of the bucWing member and tiie heater layer,
can bedischarged out of tiie inkchamber rapidiythrough
the substrate, by selecting a material having a ttiermal ss
conductivity larger than that of ink by one order or more
as ttie material of tfie subsfrate. Accoitlingly, tfie cooling
rate of tiie pressure generating member can be made
high and. as a result, a good response characteristic can

be obtained so tiiat high-speed printing becomes possi-
ble. Also, since ttie buckling member and tiie heater
layer, which constitute the pressure generating member,
are provided by Independent layers, tfie heater layer may
be shaped into a narrow pattern irrespectively of tiie
shape of tfie buckling member. Such an arrangement
saves the amount of current for energization involved in
obtaining a required amount of heat so tiiat the power
consumption can be reduced. Furtiier, tiianks to tiie dia-
phragm, the ink present in a clearance between ttie noz-
zle plate and tiie pressure generating member
(diaphragm) can be prevented from going around to ttie
rear side of ttie pressure generating member (dia-
phragm) during an operation. As a result, tiie discharge
force and discharge rate of ink can be made large. Fur-
tiier. since ttie buckling member and the diaphragm,
which constitute tfie pressure generating member, are
provided separately, the bucWIng member may be
shaped In-espectively of tfie shape of tfie diaphragm. For
example. It becomes possible to form slits in the buckling
member. Such an an-angement allows ttie buckling
member and the heater layer to be rapidly cooled by cir-
culating tiie refrigerant such as ink through tfie bucWing
menU)er on tfie rear side of tiie diaphragm. As a result,
an even better response characteristic can be obtained
so tiiat high-speed printing becomes possible.

In tiie ink jet head of one embodiment, since ttie
heater layer is provided along the rear surface of tiie
bucWing member out of botii surfaces of ttie buckling
member, tfie heater layer tiiat has been heated to a high
temperature particularly out of the pressure generating
member can be rapidly cooled tiirough the substrate.
Accordingly, ttie cooling rate of the pressure generating
member can be made even higher and, as a result, an
even better response characteristic can be obtained so
that high-speed printing becomes possible.

In the Ink jet head of one embodiment, since ttie
pressure generating member has a first insulating layer
provided between the substi-ate and tiie heater layer, tiie
subsfrate and the heater layer can be successfully Insu-
lated from each other so tiiat ttie cun-ent flowing through
tiie heater layer can be prevented from leaWng to ttie
substiBta Asa result tiie amount of cun-ent required to
obtain the necessary heat generation can be saved so
tiiat tiie power consumption can be reduced.

In the ink jet head of one embodiment, since tiie
pressure generating member has a second insulating
layer provided between the buckling member and tiie
heater layer, tiie bucWing member and tiie heater layer
can be successfully insulated from each other so that tiie
currentflowing through tiie heater layer can be prevented
from leaWng to tiie buckling member. As a result, tfie
amount or cun-ent required to obtain ttie necessary heat
generation can be saved so tiiat the power consumption
can be reduced.

In ttie Inkjet head of one embodiment, since tiie dia-
phragm is formed into a generally disc shape, the volu-
meti-lcvariation ofthe inkchamber (a clearance between
tiie nozzle plate and the pressure generating member)
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can be made large for a small surface area of the dia-
phragm. Accordingly, the discharge force and discharge
rate can be made large for the small surface area of the
diaphragm. Conversely, when the discharge force of ink
is larger than necessary, the ink jet head may be minia-
turized by redudng the diameter of the diaphragm.

In the Inkjet head of one embodiment, at least part
of the diaphragm otherthan the peripheral portion is cou-
pled to the buckling member. Therefore, when the buck-
ling member is going to restore to the original position
after a heating period and upon the entrance into a cool-
ing period, the diaphragm undergoes a tensile force from
the bucWIng member in addition to its own restoring
force. As a result of this, the diaphragm restores to the
original position fester. Accordingly, the response char-
acteristic of the pressure generating member can be

.
improved so that high-speed printing is enabled.

In the ink jet head of one embodiment, the center
portion of the diaphragm is coupled to the center portion
of the buckling member. Therefore, a portion (center por-
tion) that has been displaced to the most extent out of
the diaphragm during a heating period is pulled by a por-
tion (center portion) that restores fastest out of the buck-
ling member upon the entrance into a cooling period. As
a result, the diaphragm restores to the original position
even faster. Accordingly, the response characterfetic of
the pressure generating member can be Improved so
that high-speed printing is enabled.

In the ink jet head of one embodiment, a clearance
is provided between an intermediate portion between the
peripheral portion and the part coupled to the bucWing
member out of the diaphragm, and the buckling member.
Therefore, it becomes possible to rapidly cool the buck-
ling member by drculating the refrigerant such as ink
through the clearance between the diaphragm and the
buckling member, on the rear side of the diaphragm. As
a result, an even better response characteristic can be
obtained so that high-speed printing is enabled.

In the Ink Jet head of one embodiment, a clearance
is provided between a portion of the buckling member
inner than its peripheral portion out of the pressure gen-
erating member, and the substrate. Therefore, it

becomes possible to rapklly cool the buckling member
and tile heater layer by circulating the refrigerant such
as inkthrough the clearancebetween thebucWing ember
and the substrate, on the rear side of the diaphragm. As
a result, an even better response characteristic can be
obtained so that high-speed printing is enabled.

In the Inkjet head of one embodiment, the distance
between the substrate and the aforementioned portion
of tile pressure generating member Is set to within a
range of 0.05 \m to 2.0 ^im. Therefore, the clearance
between the substrate and the pressure generating
member can be easily formed, and also tfie response
characteristic of the pressure generating member can be
maintained good. That is, If the dimension of the clear-
ance is 0.05 nm or more, the clearance can be formed
by stacking the material of tiie sacrifice layer (a layer for
processing) and tfiat of the pressure generating member

on tiie substrate one by one. and by removing the sacri-
fice layer witii an etchant. Furtiier, if til dimensfon of tiie
clearance Is 2.0 ^m or less, heat of tiie pressure gener-
ating member, especially oftiiebucWIng memberandthe

6 heater layer, can be discharged rapidly out of the Ink
chamber through the substrate during a cooling period.

In tiie Inkjet head of one embodiment, a slit Is pro-
vided at a portion of tiie pressure generating member
inner tiian tiie peripheral portion of the buckling member,

ro so as to be bored through from the surface opposite to
the substrate to the diaphragm side surface of the bud<-
ling member. Therefore, the buckling member can be
rapidly cooled by circulating tiie refrigerant such as Ink
tiirough the slit on the rear side of the diaphragm. In par-

rs ticular. when clearances are provided between the dia-
phragm and the bucWing member and between tiie
substrate and the pressure generating member, these
clearances oonnmunicate with each otiier through the slit
so ttiat the cooling effect can be enhanced. As a result.

20 tiie response characteristic Is further inproved so tiiat
high-speed printing is enabled.

In tiie Ink jet head of one embodiment, a plurality of
slits as described above are provided, and It is arranged
ttiat a strip-shaped portion of tiie buckling member sand-

25 wiched by the slits will be buckled. Therefore, for exam-
ple, by attaching tiie entire peripheral portion of the
bucWing member to tiie substrate, tiiermal stress of tiie
buckling portion due to repeated heating and cooling can
be received by the entire peripheral portion. Accordingly,

30 tiie thermal stress of the buckling portion Is not applied
only to particular portions, but can be relaxed and
received by tiie entire peripheral portion. As a result, tine
place where the substrate and tiie bucWing member are
fitted to each other can be prevented from being dam-

35 aged, so tiiattiie Inkjetheadcan be prolonged in its serv-
ice life.

In the InkJet head of one embodiment the substrate
is provided with a refrigerant circulation hole which Is
bored through the substrate and which confronts apor-

40 tion of the pressure generating member inner than the
peripheral portion of tiie buckling member. Therefore,
the refrigerant such as Ink can be fed from the rear side
of the substrate to tiie front side of tiie substrate tiirough
tiie refrigerant circulation hole. The fed refrigerant circu-

45 lates between tiie front and rear sides of tiie substrate
as tiie pressure generating member is displaced and
restored by heating and cooling. Accordingly, itbecomes
possibleto rapidly cool the pressure generating member.
This fact is particulariy significant when tiie ink is pre-

50 vented from going around to the rear side of tiie dia-
phragm by the diaphragm being provided. Also, when a
clearance is provided between the diaphragm and ttie
bucWing member or between tiie substrate and tiie pres-
sure generating member, or when slits bored tiirough

55 from the surface opposite to the substrate to tiie dia-
phragm-side surface of tiie bucWing member are pro-
vided at portions of the pressure generating member
inner than the peripheral portion of the bucWing member,
the refrigerant circulates tiirough tiie clearanc s or slits

17
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so that the cooling effect can be enhanced. As a result,

an even better response characteristic can be obtained

so that high-speed printing is enabled.

In the Inkjet head ofone embodiment, the refrigerant

circulation hole is so arranged that its size gradually

decreases from the rear side toward the front side of the

substrate. Therefore, the opposing area between the

pressure generating merrier and the substrate surface

is less reduced as compared to when the refrigerant dr-

culation hole Is not provided. Accordingly, heat of the

pressure generating member, especially heat of. the

buckling member and the heater layer, can be dis-

charged rapidly out of the ink chamber through the sub-

strate. As a result, the cooling rate of the pressure

generating member can be maintained high, so that the

response characteristic can be maintained good.

In the Inkjet head of one embodiment, a refrigerant

reservoir communicating with the refrigerant circulation

hole is formed on the rear side of the substrate. There-

fore, the refrigerant such as ink can be fed to the front

.
side of the substrate from the refrigerant reservoir

through the refrigerant circulation hole.

According to the method for fabricating the ink jet

head In one embodiment, since the pressure generating

member can be fabricated by semiconductor integrating

processes, the Inkjet head can be fabricated into small

size. Further, two clearances, i.e., one clearance

between the substrate and the pressure generating

member arKi the other clearance between the buckling

member and the diaphragm in the pressure generating

member, can be collectively fabricated by etching and
removing continuously the first sacrifice layer and the

second sacrifice layer. Accordingly, the fabrication proc-

esses can be simplified. Yet. the two clearances are
formed in response to the thicknesses of the first sacri-

fice layer and the second sacrifice layer, respectively, so
that the distances of the clearances can be set with high

accuracy.

The invention being thus described, it will be obvious

that tiie same may be varied in many ways. Such varia-

} tlons are not to be regarded as a departure from tiie spirit

and scope of the invention, and all such modifications as
would be obvious to one skilled in tiie art are intended

to be Included within the scope of the following claims.

Claims

1. An ink jet head which comprises: an ink chamber
(31) Including as part of its peripheral wail a nozzle

plate (10) having a nozzle opening (11), and a sub-

strate (7) opposed to the nozzle plate (10); and a
pressure generating member (20) provided in the ink

chamber (31) and opposed to the nozzle plate (1 0).

wherein the pr^ure generating member (20) Is

deformed to generate a pressure within the ink

chancer (31), so that ink liquid in the ink chamber
(31) Is discharged out of tiie ink chamber (31)

through tiie nozzle opening (11).

tiie pressure generating member (20) com-

t3 774A2 34

prising:

a buckling member (1) which is formed Into a
generally plate shape, where portions forming botii

ends in at least one direction out of a peripheral por-

5 tion of the bucMIng mender (1) are attached to the

substrate (7). and which buckling mennber (1) Is

switchable between a no-displacement state in

which the buckling member (1) undergoes substan-

tially no tiiermal stress, and a buckling state in which

10 the buckling member (1) Is bucWed through thermal

&qpansion; and
a heater layer (3) which Is provided along one

surface of the buckling member (1) and which gen-

erates heat through electrical energization.

75

2. An ink jet head which comprises: an ink chamber
(31) including as part of its peripheral wall a nozzle

plate (10) having a nozzle opening (11), and a sub-

strate (7) opposed to the nozzle plate (10); and a
20 pressure generating member (20) provided in the ink

chamber (31) and opposed to the nozzle plate (1 0),

wherein the pressure generating member (20) Is

deformed to generate a pressure within the Ink

chamber (31). so that ink liquid in the ink chamber
2S (31) is discharged out of the ink chamber (31)

tiirough the nozzle opening (1 1),

tiie pressure generating member (20) com-
prising:

a buckling member (1) which is formed into a

30 generally plate shape, where portions forming both

ends In at least one direction out ofa peripheral por-

tion of the buckling member are attached to tiie sub-

strate (7), and which buckling member (1) is

switchable between a no-displacement state in

35 which the buckling member (1) undergoes substan-

tially no tiiermal stress, and a buckling state In which
the bucWing member (1) is buckled through thermal
expansion; and

a diaphragm (5) which Is composed of a gen-
40 erally plate-shaped flexible material, and which is

provided along one surface of the buckling member
(1) on the nozzle plate (10) side out of both surfaces

of the buckling member (1) in such a state that a
peripheral portion (5c) of the diaphragm (5) is

45 attached tothe peripheral portion (1c) ofthe buckling

member (1).

3. The Inkjet head as claimed in Claim 1, wherein
the pressure generating member (20) further

50 comprises:

a diaphragm (5) which is composed of a gen-

erally plate-shaped flexible material, and which is

provided along one surface of the buckling member
(1) on tiie nozzle plate (10) side out of both surfaces

66 of the buckling member (1) In such a state that a
peripheral portion (5c) of the diaphragm (5) Is

attached to the peripheral portion (1 c) of the buckling

member (1).

18
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4. The ink jet head as claimed in Claim 1 , wherein

the heater layer (3) is provided along one sur-

face of the bucWing member (1) on the substrate (7)

side out of both surfaces of the buckling member (1 ).

s

5. The ink jet head as claimed in Claim 1 , wherein

the pressure generating member (20) has a
first insulating layer (2) prodded between the sub-

strate (7} and the heater layer (3).

10

6. The Ink jet head as claimed in Claim 1 , wherein

the pressure generating member (20) has a
second insulating layer (4) provided between the

buckling member (1) and the heater layer (3).

IS

7. The ink jet head as claimed In Claim 2, wherein

the diaphragm (5) is formed into a generally

disc shape.

8. The ink jet head as claimed in Claim 2, wherein 20

in addition to the peripheral portion of the dia-

phragm (5), at least one part (5a) of the diaphiBgm

(5) other than the peripheral portbn (5c} is coupled

to the buckling member (1).

25

9. The ink jet head as claimed In Claim 2, wherein

a center portion (5a) of the diaphragm (5) is

coupled to a center portion (1 a) of the buckling menv
ber (1).

30

10. The ink jet head as claimed in Claim 9. wherein

a clearance (33) is provided between an
intermediate portion between the peripheral portion

(5c) and the center portion (5a) ofthe diaphragm (5).

and the buckling member (1). as

11. The Inkjet head as claimed in Claim 1, wherein

a clearance (32) is provided between a por-

tion of the pressure generating member (20) present

inner than the peripheral portion (1 c) of the buckling 40

member (1), and the substrate (7).

12. The ink jet head as claimed in Claim 2, wherein

a clearance (32) is provided between a por-

tion of the pressure generating member (20) present 4S

inner than the peripheral portion (1c) of the buckling

member (1). and the substrate (7).

13. The ink jet head as claimed in Claim 1 1 , wherein

a distance between the substrate (7) and the so

above-defined portion of the pressure generating

member (20) is set within a range of 0.05 |xm to 2.0

)im.

14. The Inkjet head as claimed in Claim 12, wherein ss

a distaste between the substrate (7) and the

above<lefined portion of the pressure generating

member (20) is set within a range of 0.05 jim to 2.0

jAm.

15. The Inkjet head as claimed in Claim 1, wherein

at least one slit (40) is provided at a portion

of the pressure generating member (20) present

inner than the peripheral portion (1 c) of the buckling

member (1 ) so as to be bored through from a surface

opposed to the substrate (7) to a surface ofthe buck-

ling member (1) on the nozzle plate (10) side.

16. The Inkjet head as claimed in Claim 2, wherein

at least one slit (40) is provided at a portion

of the pressure generating member (20) present

inner than the peripheral portion (1c) of the buckling

member (1 ) so as to be bored through from a surface

opposite to the substrate (7) to a surface of the buck-

ling member (1) on the nozzle plate (10) side.

17. The Inkjet head as claimed in Claim 15, wherein

a plurality of the slits (40) are provided, and
a strip-shaped portion (1b) of the buckling member
(1 ) sandwiched by the slits (40) is so arranged as to

be buckled.

18. The Inkjet head as claimed in Claim 16, wherein

a plurality of the slits (40) are provided, and
a strip-shaped portion (1b) of the buckling member
(1) sandwiched by the slits (40) is so arranged as to

be buckled.
*

19. The Inkjet head as claimed in Claim 1. wherein

a refrigerant circulation hole (16) is provided

In the substrate (7) so as to be bored through the

substrate (7) and confront a portion of the pressure

generating member (20) present inner than the

peripheral portion (1c) of the buckling member (1).

20. The Inkjet head as claimed in Claim 2. wherein

a refrigerant circulation hole (16) is provided

in the substrate (7) so as to be boTe6 through the

substrate (7) and confront a portion of the pressure

generating member (20) present inner than the

peripheral portion (1c) of the bucWing member (1).

21. The Inkjet head as claimed in Claim 19, wherein

the refrigerant circulation hole (16) is so
formed that a size of the refrigerant circulation hole

(1 6) gradually decreases from one side of the sub-
strate (7) opposite to the side on which the pressure

generating member (20) is provided, toward the

pressure generating member (20) side of the sub-
strate (7).

22. The ink jet head as claimed in Claim 20, wherein

the refrigerant circulation hole (16) is so
formed tiiat a size of the refrigerant circulation hole

(16) gradually decreases from one side of the sub-
strate (7) opposite to the side on which the pressure

generating member (20) is provided, toward the

pressure generating member (20) side of tiie sub-
strate (7),

19
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23. The Inkjet head as claimed in Claim 19, wherein

a refrigerant reservoir (34) communicating

with the refrigerant circulation hole (16) is provided

on one side of the substrate (7) opposite to the side

on which the pressure generating merrt>er (20) is 5
provided.

24. The ink jet head as claimed in Claim 20, wherein

a refrigerant reservoir (34) communicating

with the refrigerant circulation hole (16) is provided 10

on one side of the substrate (7) opposite to the side

on which the pressure generating member (20) is

provided.

25. A method for fabricating an Inkjet head which com- is

prises: an Ink chamber (31) including as part of its

peripheral wall a nozzle plate (10) having a nozzle

opening (11), and a substrate (7) opposed to the

nozzle plate (10); and a pressure generating mem-
ber (20) provided in the ink chamber (51) arKi 20

opposed to the nozzle plate (10), wherein the pres-

sure generating member (20) comprises a plate-

shaped buckling member (1), a heater layer (3) pro<

vided on one side of the bucWing member (1) on
which the substrate (7) is provided, and a diaphragm 2S

(5) provided on one side of the bucWing member (1)

on which the nozzle plate (10) is provided, the

method comprising the steps of:

forming a first sacrifice layer (120) having a
pattern occupying a specified closed area on a sur- 30

face of the substrate (7);

forming a first insulating layer (2) connposed
of a material that can be etched selectively with the

first sacrifice layer (120) in such a manner that the
first insulating layer (2) covers the first sacrifice layer 3S

(120):

forming on the first insulating layer (2) a
heater layer (3) having a pattern passing through an
area occupied by the first sacrifice layer (120);

forming a second Insulating layer (4) com- 40

posed of a material that can be etched selectively

with the first sacrifice layer (120) irtsuch a manner
that tiie second insulating layer (4) covers the above-
formed layers (2. 3);

fomiing slits (40) along both sides of the pat- 4S

tern of the heater layer (3) in such a manner that the

slits (40) extend from a front surtece of the second
insulating layer (4) to a front surface of the first sac-

rifice layer (120);

burying interiors of tiie slits (40) by applying so

resist onto the substrate (7) and by performing pho-

tolitiiography, and fonning a resist wall (190) tiiat

protrudes from tiie front surface of the second insu-

lating layer (4) by a specified height witii its width *

kept equal to tiiat of the slits (40); ss

forming on the second insulating layer (4) a
first metal layer (200) for constituting tiie bucWing
member (1), by a plating process into a specified

thickness which does not exceed the height of the

resist wall (190);

forming a second sacrifice layer (210) com-
posed of a material that can be etched selectively

with tiiefirst metal layer (200), on a closed area gen-
erally corresponding to the first sacrifice layer (120)

in such a manner that the second sacrifice layer

(210) covers a specified portion of a front surface of

tiie first metal layer (200) as well as the slits (40);

forming a second metal layer (220) serving

for constituting ttie diaphragm (5) and composed of

a material tiiat can be etched selectively with tiie

second sacrifice layer (210), all over so that tiie sec-

ond metal layer (220) covers the above-formed lay-

ers (200. 210) on ttie surface of the subst-ate (7);

boring a hole (16) reaching the first sacrifice

layer (1 20) on tiie front surface side of the substrate

(7) by performing etching from a rear surface side of

the substrate (7), etching and thereby removing the

first sacrifice layer (1 20) through the hole (1 6) selec-

tively with the first and second insulating layers (2.

4), and subsequently removing the resist wall (190).

and furtfier etching and thereby removing the sec-

ond sacrifice layer (210) ttirough the slits (40) gen-
erated by removing the resist wall (190) selectively

with the first and second metal layers (200. 220) ; and

forming tiie diaphragm (5) having a specified

configuration by patterning the second metal layer

(220).

20
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Fig. 12A
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